Introduction
There are several correlations between the mass of supermassive black holes and the properties of host bulges, namely the stellar velocity dispersion, its mass, and its luminosity (Kormendy & Ho, 2013) . These correlations point towards a common evolution of the central massive black hole and the surrounding host. So far the general understanding of the galaxy evolution relies on the negative feedback of active phases on the star-formation rate in the host. The enhanced accretion activity, so-called active galactic nucleus (hereafter AGN), is a source of X-ray/UV radiation as well as the kinetic energy that lead to the heating of the cold molecular gas and/or increasing its turbulence. The imparted momentum can also blow some of the cold gas away. All of these processes generally lead to the lack of cold molecular gas, from which stars can form and hence the overall star-formation is significantly reduced (Harrison, 2017) . On the other hand, the momentum of the nuclear outflow/jet can also compress the cold gas, which leads to a star-formation episode, i.e. a positive AGN feedback (Markakis et al., 2018) . Although the overall picture is quite complex, see the illustration in Fig. 1 , the accretion and star-formation are fueled from the same gas reservoir and hence these processes are generally coupled to each other with a certain time-delay (Heckman & Kauffmann, 2006) . The removal of cold gas is expected to eventually lead to a low star-formation rate as well as the low accretion rate, which is the stage of quiescent galaxies and low-luminosity AGN, of which the Milky Way with Sgr A* compact source is a prototype (Eckart et al., 2017) . An illustrating of the feeding and the feedback process of an active galactic nucleus within its galactic host. From the top part, the figure illustrates the source of a gaseous material (intergalactic accretion, gas-rich mergers, internal galactic sources). Cold gas formed via the radiative and the adiabative cooling fuels both the black hole accretion as well as the star formation. Both processes provide energetic and mechanical feedback to the cold gas reservoir. Inspired by Harrison (2017) .
The role of radio-loud galaxies in the AGN feedback and the overall galaxy evolution is currently unclear. Therefore it is vital to study the relations between radio and optical properties of galaxies to better comprehend the role of nuclear and jet activity on the large-scale galaxy evolution. To this end, we performed radio observations between 4.85 and 10.45 GHz to determine radio spectral slopes of intermediateredshift galaxies. This information was complemented by radio-loudness and optical narrow-line emission ratios.
This contribution is structured as follows. In Section 2, we introduce the sample of SDSS-FIRST sources. In Section 3, we present the basic characteristics of radio spectral index distributions in different optical spectral classes of galaxies. Subsequently, the distribution of radio spectral indices in optical diagnostic diagrams is presented in Section 4. Finally, we conclude with Section 5.
SDSS-FIRST sample
To study the correlations between radio and optical properties across the optical diagnostic diagram of galaxies, we selected 119 intermediate-redshift radio-optical galaxies (0.04 z 0.4) in the cross-matched SDSS-FIRST surveys (Sloan Digital Sky Survey -SDSS, York et al. 2000 ; Faint Images of the Radio Sky at Twenty Centimeters-FIRST, Becker et al. 1995 ) with 1.4 GHz flux densities in the range of 100 mJy < F 1.4 < 1000 mJy and 396 sources with lower flux densities in the range 10 mJy < F 1.4 < 100 mJy, see Vitale et al. (2012) , Vitale et al. (2015a) , and Zajaček et al. (2019) for details. Our cross-matched sample with the lower radio flux limit Radio spectral slopes of galaxies of 10 mJy has two biases:
• in comparison with the parent sample of SDSS-FIRST galaxies, which are predominantly located in the star-forming/composite region of the BPT ODD, our sample is shifted towards higher [OIII]/Hβ ratio, that is in the compositeSeyfert-LINER region,
• because of the detectability of the sources at the higher radio frequencies at 4.85 and 10.45 GHz (the sensitivity limit of the Effelsberg radio telescope is ∼ 5 mJy, our sample is biased towards flat-spectrum sources.
The Effelsberg observations at 4.85 GHz and 10.45 GHz of the sources are in the catalogues by Vitale et al. (2015b) and Zajacek et al. (2019) .
3 Radio spectral index distribution in different optical spectral classes
Using different spectral classes of galaxies in the BPT diagram, namely star-forming, composite, AGN Seyfert, and LINER sources, we first looked at the fractions of steep, flat, and inverted sources in each spectral class. We performed this analysis for both lower frequencies (1.4 GHz-4.85 GHz, α [1.4−4.85] ) and higher frequences (4.85 ). The mean, the median, 16%-, and 84%-values of the radio spectral index for lower and higher frequencies for each optical spectral class are listed in Table 1 and Table 2 , respectively. As we show in Zajaček et al. (2019) , LINER sources contain the larger fraction of flat and inverted sources than Seyfert galaxies at both lower (82.4% vs. 71.8%) and higher frequencies (66.3% vs. 58.3%).
As it can also be inferred from Table 1 and Table 2 , LINERs have larger both the mean and the median spectral index in comparison with Seyfert sources, which implies the presence of compact self-absobed radio cores and core-jet systems in the majority of these sources. Hence, in our sample, AGN contributes to the ionizing continuum in LINERs. In other words, LINERs in our sample are not characterized by a missing AGN, which was advocated previously (Singh et al., 2013) . To gain a better insight into the distribution of radio spectral indices with respect to the optical and radio properties, we calculated the radio loudness for each source using the following definition,
where g is the magnitude corresponding to the optical g-band and m 1.4 is the magnitude corresponding to the 1.4 GHz flux density.
As a next step, we applied the unsupervised mechanine-learning Gaussian Mixture Model (GMM) to our data. We looked for the clusterings in the 3D space of the radio-loudness R g , narrow-line ratio log ([OIII]/Hβ), and the radio spectral slope α [4.85−10.45] , i.e. each source is represented by the vector,
The GMM works with the probability density function given by the weighted sum of individual Gaussian components with unknown parameters. The output of the GMM is the probability of each source belonging to each of the components. In our model, we assumed three components motivated by three radio spectral classes (steep, flat, and inverted) and we made use of the expectation maximization technique.
We obtain three basic clusters in the R g − log [OIII]/Hβ plane, see Fig. 3 , where the third dimension is represend by a colour-coded spectral index. The corresponding distributions of the radio spectral index are displayed in the right panel inset. These three clusters represent three classes of sources:
(1) sources with a steep radio spectral index (α [4.85−10.45] < −0.7) with a high ionization ratio and a large radio loudness, Since our sources have intermediate redshift after the peak of quasar/star-formation activity, classes (1), (2), and (3) can represent different stages of the intermittent accretion activity, which for radio galaxies evolves with the typical timescale of ∼ 10 3 − 10 4 years due to the radiation pressure instability within an accretion disc (Czerny et al., 2009) . Apart from accretio-disc instabilities, mergers can also trigger and influence the jet activity and its dynamics, see e.g. detailed studies of OJ287 and 3C84 (Britzen et al., 2018 (Britzen et al., , 2019 .
Conclusions
For the sample of intermediate-redshift galaxies, we studied the distribution of their radio spectral indices between 4.85 and 10.45 GHz in the optical diagnostic diagrams. Using the machine learning Gaussian Mixture Model, we found that steep, flat, and inverted sources occupy different regions of the radio-loudness-ionization ratio plane, with the steep sources located towards a larger radio-loudness as well as a higher ionization ratio, while the flat/inverted sources are situated in the region of a smaller radio-loudness and a lower ionization ratio. In terms of optical spectral classes of galaxies, steep sources are located towards the Seyfert region, which indicates the presence of large-scale jets and outflows for these sources. In comparison, the flat/inverted sources occupy the LINER region, which implies the presence of a compact radio-core-jet system for LINERs. Fig. 3 : Three classes of radio-optical emitters in the radio-loudness, ionization ratio, and radio spectral index space. The histograms of radio spectral indices for the three classes are displayed in the right plot inset. The illustration in the upper right corner represents older radio lobes as the source of optically thin synchrotron emission, while the illustration in the lower left corner stands for a compact radio core-jet system as the source of inverted-flat self-absorbed, optically thick synchrotron emission.
